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Introduction
The study of soil plant micronutrient availability is worthwhile because it enables to: 1) detect and manage micronutrient deficiencies, and 2) determine plant requirements fertilizers [1] . Micronutrient deficiencies can be detected by visual symptoms on crops and by testing soils and plant tissues [2] . Soil availability of plant nutrients is low, leading to deficiency symptoms and crops decreasing [3] . When availability is low, different fertilizers application rates are normally recommended for highly responsive and medium responsive [4] . Soil plant micronutrient availability is mainly affected by soil pH. The desirable soil pH range for optimum plant growth varies among crops. Generally, soil pH 6.0 -7.5 is acceptable for most plants as most nutrients become available in this pH range.
Soil pH can be determined by mixing soil sample with water and then measuring the resulting aqueous solution [5] [6] .
A variety of approaches have been used to survey and map the geographic distribution of soil micronutrient content and availability at scales ranging from global to sites within single production fields. Soil micronutrient maps covering large areas improve our understanding of the nature and extent of micronutrient problems, and aid in determining their relationships with climate, soil properties, and soil genetic characteristics. Highly detailed maps of soil micronutrient content and availability in individual fields are being developed for site-specific precision agriculture. Soil micronutrient maps have fostered discovery of relationships between soil micronutrient content and availability. Advances including the global positioning system (GPS), geographic information systems (GIS), inductively coupled plasma (ICP) spectrometry, geostatistics, and precision agriculture facilitate soil micronutrient mapping and provide quantitative support for decision and policy making to improve agricultural approaches to balanced micronutrient nutrition [7] . Soil micronutrient maps showing the spatial distribution were prepared in Arc Info GIS. The maps of Fe, Mn, Zn, Cu and B nutrients clearly indicated the deficiency of nutrients constrained in soil for crop production. Based upon the coefficient of determination between micronutrients and soil properties, a positive correlation was observed between organic carbon and Mn, Cu and Zn. The CaCO 3 content in the soil showed negative and significant correlation with available Fe and Mn [8] . 
Materials and Methods
The study was elaborated through four stages. The first stage was consecrated to build-up spatial database by processing of topographic maps: 1) collection, digitizing and mosaicking of the topographic maps 2) mosaicking clipping the topographic maps excerpt the studied area, by using the software of geographic information system (ArcGIS 9.3). The second stage was consecrated to the field work to collect the samples of surface soil samples (0 -40 cm). Laboratory work represented the third which included that determination of heavy metal soil content and chemical characterization of water samples. Final stage was the synthesis of laboratory data to write the thesis (Figure 1 ).
Building-Up Spatial Database (Topographic Maps Processing)
Building-up Spatial Database was built through the processes of maps collection, digitizing, mosaicking and Clipping. Nine 1:50,000-scaled topographic maps [9] were digitized by Arc-GIS 9.3 software [10] . The coordinate was converted from the geographic coordinates (Lat.-Long.) system to Universal Transverse Mercator (UTM) coordinates system (Easting-Northing). The topographic map sheets, covering the surrounding region, were merged together in one map to compose mosaic map. The mosaic was clipped to extract the study area that has the coordinates (222,000 E and 3,450,000 N) (the upper left corner) ( Figure 2 ). area ( Figure 2 ). Soil samples locations were determined by GPS NAVA 600
Sampling and Analysis of
(accuracy of ±5 m).
Soils Physical and Chemical Characterization
• Soil Physical Analysis: Texture was determined using sieves and Hydrometer method [11] .
• Soil Chemical Analysis: Salinity was measured at in the soil paste extract and pH of 1:2.5 soil suspension by EC meter and pH [12] , Sodium Absorption Ration (SAR) was calculated from Ca, Mg and Na soluble concentrations, soil organic matter content (OM%) was determined by Walkely & Black method [12] and CaCO 3 % was determined using the pressure calcimeter method [12] . Photometer [12] , phosphorous was measured by spectrophotometer and micronutrients were measured by Atomic Absorption.
2) GIS-Mapping of Soil Availability of Plant Nutrients:
Analytical data of soil available plant nutrients were processed by ARC-GIS 9.3 [10] to map soil nutritional ability. Maps of gradient and anisotropy of soil availability of plant nutrients were derived from GIS-map of soil nutritional ability.
Results and Discussion

Physical and Chemical of the Soil Surface Samples
Twenty five soils surface samples (0 -40 cm) were taken from the clipped agricultural area. Soils locations were determined by their UTM coordinates (Table   1 and Figure 2 ). The results of particle size distribution classified the collected soil samples into two textural classes ( Table 2) . This extreme alkalinity is mainly due to the soil high calcium carbonates that ranged from 7.5% (sample: 1) to 28.6% (sample: 6), (Table 3 ). The table showed that the samples were distributed into three salinity classes:
• Nonsaline soils: (samples from 1 to 11, then 14, from 16 to 20 and from 23 -25).
• Slightly saline soils: (samples 12, 13, 15 and 15).
• Saline soils: (sample: 21).
In addition, the table indicated that the majority of soil samples had low SAR values. Some samples were moderately sodic (22, 23). Other samples had high SAR to be sodic ones (13, 15) . Generally, the soil low organic matter content that ranged from 0.53% (samples no. 13, 21) to 5.3% (sample: 1).
GIS-Mapping of Availability of Soil Plant Nutrients
GIS-Mapping of Soil Nutritional Potentiality for Plants
The available soil plant nutrients were determined to assess the soil nutritional ability. Soil nutritional ability was classified into four categories; low, medium, high and very high (for macronutrients; P and K), (Table 4 ) and three categories; low, adequate and high (for micronutrients; Fe, Mn, Zn and Cu) [15] (Table   5 ). The guidelines of the table distrusted the soil samples into their categorical classification ( Table 6 ). The table indicated the soil available phosphorus ranged from 0.2 ppm (sample no. 17), 11.4 ppm (sample no. 1). These values led to group all studied soil samples into the class of low soil nutritional P ability. This was not the case of available potassium (K), where the soil samples were distri- GIS data processing output the maps of soil nutritional potentiality for plant (potato). Figure 3 displayed the soil studied area in one category, as low P soil nutritional potentiality to coincide with the classification of it does care of the spatial distribution of soil plant nutrients available K.
All soil samples had high available micronutrients that they were located in the high category (Table 6 ). This with exception of soil sample (18) that had an adequate level of available Zn. Results of Zn soil nutritional potentiality in Figure 3 were classified the studied area into two categories; adequate (2.6 ha, 0.1%) and high (3116.5 ha, 99.9%). The soil high content of available micronutrients is mainly due to the act that they are irrigated with high riched-micronutrients irrigation [16] .
Gradient of Soil Availability of Plant Nutrients
GIS gradient maps of the available soil plant nutrients were derived from GIS-maps of soil nutritional potentiality for plant ( Figure 4 ). The maps were based on four gradient classes (Table 7) . Hence, Gradient of soil availability of plant nutrients is mainly affected by soil slope the assigned values of gradient classes are derivative from soil slope classes [17] . Table 8 ). Figure 5 ). GIS maps of anisotropy soil availability of macronutrients (P and K) ( Figure 5 ) generally showed that their gradients mainly increased in two directions; north (1235.7 ha, 39.6% for P, and 1215.2 ha, 39.0% for K), and south (1320.1 ha, 42.3% for P, and 1182.5 ha, 37.9% for K) ( Table 9 ).
The incasing directions of soil availability of micronutrients coincided with that of the macronutrients (P and K); north (1320. Figure 5 and Table 9 ). This anisotropy or orientation pattern of direction north-south is due to the direction of application irrigation water that was highly riched-nutrients [16] .
Conclusions
The guidelines of soil typical nutrients concentration must be considered to accurately determine the soil plant nutrient availability, and especially micronutrient. The accurate determination of soil availability of plant nutrient guides to better calculation of crops fertilizers requirements that certainly are the road map of crop maximal crops production.
The comprehensive and accurate description of soil nutrients availability is built on three parameters: potentiality, gradient and gradient anisotropy. Soil nutritional potentiality defines the categories of soil ability to supply plant nutrients. The gradient points out to the increasing rate of nutritional potentiality.
For gradient anisotropy, it describes the directions or orientation pattern increasing nutritional potentiality rate. Hence GIS technique enables to display the The classification of soil plant nutritional potentiality can be based on analytical data and GIS maps of georferenced analytical data. This analytical data-classification is misleading, especially in high variation case, for interpretation of soil tests.
The GIS maps-classification of soil plant nutritional potentiality is more accurate because it does care of the spatial distribution of soil plant nutrients available K.
